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Abstract—Sanger sequencing remains the cornerstone method 
for Deoxyribonucleic Acid (DNA) sequencing due to its high 
accuracy in targeting smaller genomic regions in a larger number 
of samples. The analysis of Sanger sequence DNA data requires 
powerful and intelligent software tools. Most of the preferred 
tools are proprietary licensed tools that offer a user-friendly 
interface and have many features, however, their affordability, 
especially to individual scientists or students, is limited. On the 
other hand, a few free and open-source licensed tools are 
available but have limited features. This study focuses on the 
usability testing of the developed Sanger Sequence Automatic 
Analysis Tool (SSAAT), a free and open-source web tool for 
Sanger sequence analysis. Usability tests were conducted with 
potential users and the results demonstrate that the participants 
were able to use the tool easily and accomplish the test tasks at 
the given time. Moreover, the participants were excited with the 
easy-to-use interface and agreed that most users could use the 
tool with no need for technical assistance. However, the 
participants also identified some issues that require more 
development effort. 
Keywords—Sanger sequence; usability; bioinformatics; web 
tool 
I. INTRODUCTION  
A. Background 
Sanger sequencing technique is one of the most famous 
methods used for determining nucleotide sequences in DNA 
[1], due to its high sequencing accuracy compared to the Next 
Generation Sequencing (NGS) technologies and its efficiency 
in sequencing short fragments of DNA, ranging from 200 base 
pairs (bp) to around 1,000 bp. Sanger sequencing is extensively 
used to the fields of functional and comparative genomics, 
evolutionary genetics, and complex disease research. 
Particularly, the method was employed in sequencing the first 
human genome in 2000 [2]. The Sanger sequencing process is 
composed of a pipeline from the DNA extraction to the 
generation of a chromatogram which is stored as a file called 
AB1. This process can be seen in [3]. 
The Sanger sequencing quality relies on the "base calling 
quality", i.e. the relative certainty with which the nucleo-bases 
are determined [2]. Assessing the base-calling accuracy is 
usually performed using the visual inspection of the sequence 
trace chromatogram. Most often, proprietary software like CLC 
Genomics Workbench (Qiagen), SeqMan (DNASTAR), etc. 
are preferred due to their user-friendly interfaces and the 
features they provide. Nevertheless, some free open-source 
software tools for Sanger sequence analysis exist. Phred was 
among the earliest base-calling software tools reported to have 
less error rate than the ABI machine software [4-6]. However, 
Phred was developed as an open-source resource but it is not 
freely available [7]. Tracy on the other hand is a free open-
source tool for Sanger sequence analysis that performs base-
calling and other tasks including sequence alignment, 
assembly, and deconvolution of Sanger chromatogram trace 
files, all in a command-line interface [8]. Moreover, 
SangerseqR [9], Automated Sanger Analysis Pipeline (ASAP) 
[10], and SeqTrace [7] are also reported open-source tools for 
performing Sanger sequence data analysis but have limited 
graphical user interface and cross-platform capabilities. Some 
web tools are also available including Indelligent, CHILD, and 
Mixed Sequence Reader they are limited to a single feature 
usage [11-13]. The Sanger Sequence Automatic Analysis Tool 
(SSAAT), unlike the aforementioned tools, was developed as a 
web-based tool to eliminate the cross-platform issues while 
providing an easy-to-use interface and more DNA analysis 
features. 
B. Usability  
Usability refers to how easily a user of a specific product or 
design can use it to accomplish the intended goals effectively, 
efficiently, and acceptably [14]. In the field of human-computer 
interaction, usability is defined as a way to remove all possible 
frustrations that users may experience when using a product or 
design. On the other hand, usability evaluation refers to a 
method used in the central design to assess a product or design 
by testing it with a group of representative users [15], and a 
platform for users to give direct feedback and 
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recommendations [16]. Usability is a result of the basic quality 
components which are learnability, efficiency, memorability, 
error tolerance, and satisfaction [17]. There are several methods 
for testing products and among them, usability testing and 
heuristic evaluation have been the most appropriate ones [18]. 
Heuristic evaluation is mostly done by professionals who use 
generally accepted guidelines to evaluate the usability of the 
product through demos and report issues. In contrast, usability 
testing recruits users to evaluate a particular product's usability 
through their feedback after interacting with it [18]. The current 
study aims to explore the usability of SSAAT, which was 
developed as a user-friendly web tool for analyzing Sanger 
sequence data at the nucleotide level. The study focused on the 
task completion rates, the meantime to complete tasks, and 
system usability. 
II. MATERIALS AND METHODS  
A. SSAAT Tool Description 
SSAAT was created to provide an easy-to-use interface for 
molecular biologists to perform Sanger sequence DNA 
analysis. SSAAT reads the DNA input files, performs base-
calling, and provides chromatogram visualization, DNA 
sequence alignment, and polymorphism detection, and delivers 
a structured report of the analysis. The flow diagram of SSAAT 
(Figure 1) illustrates the working flow of the tool.  
 
 
Fig. 1.  Flow diagram of SSAAT. 
SSAAT utilizes a web-based interface that allows the 
molecular biologist to perform DNA analysis in a user-friendly 
graphical interface and also enables working in cross-platform 
environments. One important element in accomplishing the 
goals of SSAAT is to ensure that its design satisfies the needs 
of the users and is flexible to handle the continued evolution of 
this emerging area. 
B. Usability Testing Methodology 
In this study, both qualitative and quantitative methods 
were used to capture user interactivity with the web tool. 
Qualitative data were collected through a Likert scale 
questionnaire while quantitative data, such as total users who 
were able to complete all the tasks, total complete tasks, 
complete task time, etc., were also collected. The testing 
session was designed in a way that each participant performed 
all the tasks and summative assessment was done to examine 
and evaluate participants’ insights. The study aimed at 
capturing the indicating factors of usability such as learnability, 
efficiency, usefulness, and satisfaction through the conducted 
test session. 
1) Participants and Duration 
A total of 15 individuals participated in the usability test 
sessions. Based on previous studies, 5-20 participants are a 
valid sample for usability testing [19]. The first 3 participants 
were scheduled on the first day and were regarded as a pilot for 
the next sessions. The testing sessions were conducted for 5 
days (3 participants per day). The duration for each session was 
60 minutes and after every session, a break period of 60 
minutes was given. The session duration was based on previous 
studies on usability which suggest that 60-90 minutes time is 
valid for test sessions [19]. During the testing sessions, the 
moderator provided a brief overview of the test session and 
requested the participants to fill in a pre-test questionnaire in 
order to collect the general data. The participants then read the 
task instructions and began to perform the tasks on the tool 
using a web browser. As soon as the participants completed all 
the tasks, the moderator requested the participants to rate the 
web tool (SSAAT) using the Likert scale questionnaire. This 
was done as a post-test session in order to find out more 
information about the overall usability of the web tool. 
2) Tasks 
Table I presents the results of the tasks that were obtained 
during the test sessions. Each participant was required to 
attempt the tasks and the moderator observed the time of 
completion and participant’s behavior while attempting the 
tasks.  













Identify the use of the 
web tool. 
3/5 0.56 100 
Task 
2 
File upload, view the 
sequence quality, and 
download the extracted 
sequence as a FASTA 
file. 





trim the 5’ end 50 base 
and trim 3’ end 100 base 
and download the 
chromatogram as a PDF 
file. 
7/10 7.3 73 
Task 
4 
Upload a reference 
sequence and calculate 
the global/local sequence 
alignment with the 
previously uploaded file 
as a primary sequence. 
7/10 9 60 
Task 
5 
Generate a report with 
sequence detail, 
chromatogram quality 
score plot, and sequence 
alignment results. 
3/5 3.1 73 
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III. RESULTS AND DISCUSSION  
A. Participant Characteristics  
Among the 15 participants, there were 7 masters and three 
PhD students in life sciences, 3 molecular biologists, and 2 
bioinformaticians. Eight were women and 7 were men, aged 
between 21 to 47 years old. All the participants claimed to use 
the internet daily. None of the participants received formal 
training or had the chance to review a user guide before 
participating in the usability test.  
B. Task Completion Rate Results 
All participants successfully completed Task 1 marking a 
100% completion rate. Task 2 was completed by 87% of the 
participants. Among the long duration tasks, Task 3 scored 
73% completion rate, while Task 4 scored 60% completion 
rate, and Task 5 was successfully completed by the 73% of the 
participants. The task definitions, completion rate, and mean 
time are illustrated in Table I. 
C. Mean Time to Complete Task Results 
The moderator recorded the task execution time for each 
participant. The allocated time for each task ranged from 5 to 
10 minutes where simple tasks were allocated with less time 
and lengthy tasks with more. Task 1 had the shortest 
completion time with a mean time of 0.56 minutes. This was 
followed by Task 5 and Task 2, with times of 3.1 minutes and 4 
minutes respectively. Task 3 and Task 4 were the longest to 
complete with mean times of 7.3 minutes and 9 minutes 
respectively. The overall completion time ranged from 0.56 to 
9 minutes, with a commonly recorded time of less than 5 
minutes for the majority of tasks.  
D. System Usability Survey Results 
During the post-testing session, the participants were asked 
to rate the web tool to capture the general usability aspects of 
the SSAAT. The detailed results are shown in Table II. The 
measurements which were captured from participants’ post-test 
questionnaires included: 
• Its ease of use 
• If the users would prefer to use the web tool 
• Its learnability 
• If assistance from technical personnel was required 
• System functionality integrations 
• If the participants would recommend the tool to a colleague 
The majority of the participants (86.67%) agreed that the 
web tool was easy to use. Additionally, most participants 
(93%) reported that they would prefer to work with the web 
tool often. Regardless of the higher scores of participants 
agreeing that the tool was easy to use, 40% of them agreed that 
technical assistance was needed to operate the tool effectively. 
More than half of the participants agreed that the integrated 
features were functioning well. Lastly, the majority of 
participants reported that they would recommend the tool to a 
colleague.  
E. Discussion 
The usability of SSAAT a bioinformatic tool for DNA 
analysis at the nucleotide level was assessed in this study. Our 
findings suggest that SSAAT is easy and learnable, and even 
new users may be able to use the tool without prior exposure or 
technical assistance and accomplish the required tasks at a 
given time. The participants identified a number of possible 
improvements to the tool such as the addition of batch 
processing capabilities, trace file editing, and connection to 
remote DNA databases. However, the mentioned suggestions 
would require more development effort and time, therefore we 
plan to work on them in the future versions. Other 
modifications such as the suggested lighter interface 
background colors and the creation of a user guide with some 
visual illustrations were easier and more straightforward to 
implement.  
TABLE II.  SYSTEM USABILITY SURVEY RESULTS 
Statement Response Frequency 








"I would like to use 







"I think most of the 
users will be able to 










"I will not need 
technical assistance 










"I think the web tool 










"I will recommend 










The primary focus of this study was to examine the 
usability of the developed SSAAT tool. This is an attempt 
towards eliminating the barriers to the availability of free and 
user-friendly software for Sanger sequence DNA analysis. The 
usability assessment results suggest that most of the users will 
be able to use the web tool without assistance. This is a good 
indicator that the tool is easy to use and hence most of the users 
are likely to often use it in their work and would probably 
recommend it to their colleagues.  
The participants in this usability study encountered several 
minor usability issues while using the prototype of this web 
tool. To ensure the effective use of SSAAT, the issues 
identified during the usability testing sessions will be addressed 
in the upcoming version of the tool and the analysis results will 
affect the future development. Usability evaluations are 
invaluable to the success of technology in an emerging area, 
especially in a complex domain such as genetics.  
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